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ABSTRACT: Lateral transmission of blood-borne
diseases can occur when a single needle is used repeat-
edly to vaccinate livestock. Needle-free technology to
vaccinate sheep without damaging the carcass, causing
lesions, or leaving needle fragments, and eliciting a
similar antibody response as traditional needle vaccina-
tions, has been hampered due to variable wool length.
Vaccine delivery, injection time, and antibody response
were evaluated for a prototype pneumatically powered,
needle-free injector and for traditional needle injec-
tions. To determine optimal pressure for vaccine deliv-
ery with the pneumatic, needle-free injector, two 8-mo-
old wethers were injected at pressures from 207 to 414
kPa in increments of 69 kPa. Injection time and anti-
body responses were evaluated using one hundred 8-
mo-old wethers given primary and secondary inocula-
tions of ovalbumin. Serum samples were collected be-
fore and after the inoculations on d 0, 14, 28, and 42.

Optimal pressure to deliver a s.c. inoculation with the
pneumatic, needle-free injector was 207 to 276 pKa.
Inoculation of 100 wethers required 60% less time with
the pneumatic, needle-free injector than with needle
injections when a new needle was used on every animal.
Antibody titers were the same (P > 0.12) for the pneu-
matic, needle-free and the needle injections on d 14,
28, and 42. In addition, antibody titers increased after
primary and secondary inoculations, as expected. This
study indicated that a pneumatic, needle-free injector
can be used to elicit the same antibody response in
sheep as a needle injection, and the pneumatic, needle-
free injector was faster. The pneumatic, needle-free in-
jector also would be expected to reduce lateral transmis-
sion of blood-borne diseases, and will save time, elimi-
nate biohazard waste (e.g., used needles), and eliminate
accidental needle sticks for livestock handlers when
vaccinating sheep.
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INTRODUCTION

Vaccination of livestock is an important management
tool to reduce disease and optimize production. How-
ever, repeatedly using one needle on multiple animals,
which is a common practice, could lead to lateral trans-
mission of disease (Otake et al., 2002). In addition, nee-
dle injections can damage the carcass (Morgan et al.,
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1993) and may leave broken needles in the carcass
(Stier, 2003), reducing its value (George et al., 1996).

Pneumatically powered, needle-free injection devices
are an alternative to needle injection. Needle-free sys-
tems use pressurized gas to drive vaccine through skin
and into the subcutis or muscle (Vyrzhikovskaya and
Bandakov, 1967; Jackson et al., 2001). Since the 1940s,
these devices have been used to vaccinate humans
(Hingson et al., 1963; Sarno et al., 2000). Immune re-
sponses are similar, and in some cases greater, when
vaccines are injected with a needle-free device, com-
pared with needles, in humans (Parent du Chatelet et
al., 1997; Williams et al., 2000), swine (Houser et al.,
2004; Jones et al., 2005), and cattle (Hollis et al., 2005).

Alternatives to needle vaccinations have been un-
available to sheep producers because pneumatic, nee-
dle-free injectors were not designed to cope with the
fleece. Pneumatic, needle-free injectors on the market
for livestock, primarily cattle and swine, are triggered
to inject by mechanical pressure on the nozzle as it
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touches skin, and are not hindered by thin coats of
hair. In sheep, premature injections can occur when
attempting to penetrate wool, thus resulting in unsuc-
cessful delivery of the vaccine. Vaccines could be deliv-
ered via pneumatic, needle-free injection after shear-
ing, but this may not fit with a producer’s manage-
ment plan.

The objective of this study was to evaluate a pneumat-
ically powered, needle-free injector, modified for sheep,
for vaccine delivery, throughput, and immune response,
in comparison with traditional needle injections.

MATERIALS AND METHODS

The USDA, ARS, US Sheep Experiment Station Insti-
tutional Animal Care and Use Committee reviewed and
approved all husbandry practices and animal proce-
dures used in this study.

Injection Systems

Needle-free. A prototype Pulse250 was purchased
from Pulse NeedleFree Systems (Lenexa, KS). The
hand piece was modified such that the pressure re-
quired to mechanically trigger an injection was in-
creased (the modification was done by Pulse NeedleFree
Systems and is proprietary information) to enable wool
penetration and skin contact before injection. The
Pulse250 is a mobile unit capable of administering 0.5-
to 2.5-mL doses in 0.5-mL increments and is pneumati-
cally powered with gaseous COy from the head space
above the liquid CO, stored in a 0.7-L tank.

Needle. A Roux, pistol-grip, 50-mL syringe was pur-
chased from Valley Vet (Marysville, KS). This model
can administer 1- to 5-mL doses, in 1-mL increments,
and was capable of needle changes between animals.

Injection Pressure

To determine the pneumatic pressure required to
penetrate the skin and inject vaccines s.c. with the
pneumatic, needle-free injector, two 8-mo-old wether
lambs were anesthetized to a surgical plane with 16
mg/kg of pentobarbital sodium. Once anesthetized, the
animals were injected in the neck through approxi-
mately 3.8 cm of wool, twice for each injection pressure
evaluated. Pressure was increased with each 2-mL in-
jection of Chinese ink (0.5 mL of ink diluted to 45 mL
with sterile, isotonic saline; Sigma-Aldrich, St. Louis,
MO), from 207 to 414 kPa in increments of 69 kPa. The
lambs were also injected with a needle to compare the
injection depth to that of the pneumatic, needle-free
injections. After injection of the dye, the lambs were
killed with 80 mg/kg of pentobarbital sodium. The injec-
tion sites were sheared and dissected to determine
whether the injection penetrated the skin, was s.c., or
was i.m.
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Animals, Inoculation, and Sample Collection

Wether lambs (Rambouillet, Polypay, and Targhee)
at 8 mo of age were used. Lambs were born in March
and April, herded on sagebrush steppe (May to late
June), subalpine range (late June to September), and
sagebrush steppe (September to November), and then
maintained together in a feedlot on a diet that met the
NRC (1985) maintenance requirements from November
to the end of the study in January 2007.

Before inoculation, 4 treatments, in a 2 x 2 factorial
array, were randomly assigned to 100 wethers. Treat-
ments were s.c. injection in the neck, with either the
pneumatic, needle-free injector or a needle, of 6 mg of
ovalbumin (Sigma-Aldrich, >90% pure) dissolved in 1
mL of sterile, isotonic saline and 1 mL of an aluminum
hydroxide adjuvant (Alhydrogel, Accurate Chemical
and Scientific Corp., Westbury, NY), or of 2 mL of a
commercial vaccine, containing an aluminum hydrox-
ide adjuvant, for a common sheep disease. Therefore,
each lamb received a needle injection and a pneumatic,
needle-free injection, with different antigens, on oppo-
site sides of the neck. During inoculation, the lambs
were sorted by injection type and antigen to minimize
the frequency of cleaning and the switching of antigens
in the injection systems. Primary inoculations were
given on d 0 and secondary inoculations were given on
d 28 of the experiment. Blood samples were collected
via jugular venipuncture into uncoated vacuum tubes
(Becton Dickinson, San Jose, CA) on d 0, 14, 28, and
42. Serum was collected within 2 h after blood collection
and stored at —20°C until tested for antibodies.

Time Comparison

Injection time, time to change the needles between
animals, and time to fill the needle injection system,
or inject with the pneumatic, needle-free injector were
recorded during administration of the secondary inocu-
lation. The needle injection system was refilled 3 times.
The time to replace bottles (2 total) for the pneumatic,
needle-free injector (generally less than 10 s) was not
recorded because, typically, large-volume vaccine bot-
tles would be used and would not need to be changed
when vaccinating only 100 sheep. Because each lamb
received a needle and a pneumatic, needle-free injec-
tion, the time to inject 7 to 9 sheep (as many as would
fit in the chute) was replicated 14 times (all 100 wethers
timed) for each injection type.

Antibody Response

A commercial, synergistic, hemolytic inhibition test
was used to test for antibodies to the commercial vac-
cine. Serum antibody titers to ovalbumin were deter-
mined using an ELISA, similar to the one described in
Sevi et al. (2002). Ovalbumin, at 1 png per well, was
applied to each well, allowed to adhere overnight,
washed with PBS (Sigma-Aldrich), the blocking buffer

was applied for 1 h, and then serum was applied. Se-
ust 26, 2008.
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rum was titrated to 7 dilutions, the concentration de-
pendent on what day the samples were collected, and
assayed in triplicate. We deviated from the procedure
of Sevi et al. (2002) so that 96-well, flat-bottomed micro-
titer plates (Nalge Nunc International, Rochester, NY)
were incubated with BSA in PBS (blocking buffer;
Sigma-Aldrich) for 1 h to reduce nonspecific binding,
and the plates were allowed to develop color (darker
color indicating a greater antibody concentration) for
25 min, and then the reaction was stopped with 1 N
hydrochloric acid (Sigma-Aldrich). Positive controls
were pooled from 20 serum samples collected on d 42
and assayed undiluted on each plate in quadruplicate.
The inter- and intraassay CV were 6.0 and 4.6%, respec-
tively, for the positive controls.

Statistical Analysis

To determine whether time differed with injection
method, a paired-difference ¢-test was conducted using
SAS (SAS Inst. Inc., Cary, NC). Serum dilutions (optical
density, OD) had the background OD (without serum)
subtracted and then were averaged for each dilution.
An OD reading of less than 0.01 was considered nega-
tive for ovalbumin antibodies. Therefore, the adjacent
dilution in the series, with an OD reading greater than
0.01, was considered the antibody titer. A logistic re-
gression, proportional odds model (using PROC LOGIS-
TIC of SAS) was used to test if the antibody titers were
different for injection type, using a full model con-
taining day of serum collection, breed, and injection

type.

RESULTS

Optimal injection pressure was found to be 207 to
276 pKa (Figure 1). Pressures greater than this injected
deeper than required for s.c. inoculations.

The pneumatic, needle-free injector was estimated to
be 2.5 times faster than changing needles for every
sheep. Time to inject 7 to 9 sheep with the pneumatic,
needle-free injector averaged 60.6 s and was faster (P <
0.001) than inoculations with a needle, which averaged
155.3 s to inject 7 to 9 sheep.

The commercial synergistic hemolytic inhibition test
did not detect antibodies to the commercial vaccine at
d 14, 28, or 42, regardless of injection method. Thus,
there were no antibody data from the commercial vac-
cine to analyze.

Antibody titers for ovalbumin for each week of serum
collection and injection type are displayed in Figure 2.
For d 0, nonspecific binding was detected for all sheep,
with pneumatic, needle-free injected animals showing
a titer of 1:1,000 and needle injected a titer of 1:500.
After primary and secondary vaccination, antibody ti-
ters were not different (P > 0.12) regardless of injection
method for d 14, 28, and 42. As expected, antibody
titers were increased on d 14 and 42 after primary and
secondary inoculations, respective

ly.
. D_ownloadeds;rom jesfass.org at USDA Natl
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Figure 1. Demonstration of s.c. injections through wool
with (a) the pneumatic, needle-free injector and (b) a nee-
dle injection. The injection pressure was 207 kPa for the
pneumatic, needle-free injection. The dye is disseminated
and a bubble within the fat in needle-free and needle
injections, respectively. The skin is pulled back in both
pictures to show that the dye is below the skin. The ap-
proximate depth of the skin is the width of the arrow in
both pictures.

DISCUSSION

Pneumatic, needle-free and traditional needle injec-
tions elicited the same ovalbumin antibody response in
our sheep on d 14, 28, and 42. Other studies have shown
similar or greater immune response of vaccines deliv-
ered with needle-free injectors compared with needle
injections (Williams et al., 2000; Houser et al., 2004;
Hollis et al., 2005; Jones et al., 2005).

Modification of the pneumatic, needle-free injector to
increase mechanical trigger pressure allowed for wool
(approximately 3.8 to 5.1 cm staple length) penetration
and skin contact before injection. Optimal injection
pressure was found to be between 207 and 276 kPa for
s.c. injections in 8-mo-old lambs, which is similar to
that required for s.c. injection in swine with the
Pulse250 (Pulse NeedleFree Systems).

One advantage of this technology over conventional

needle vaccinations is speed of delivery (Giudice and
Agricultural Library on Au?ust 26, 2008. ) o
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Figure 2. Antibody titers of 100 wethers injected with
a single-use needle or a pneumatic, needle-free injector
(at 207 kPA). Wethers were injected with 6 mg of oval-
bumin after collection of serum on d 0 and with a second-
ary administration after collection of serum on d 28. Anti-
body titers within day did not differ (P > 0.12) by method
of delivery. Among days, titers signified by different let-
ters are different (P < 0.01).

Campbell, 2006). In this study, time to inject 100 sheep
with the pneumatic, needle-free injector was 60% less
than the time for needle injections when needles were
changed between animals. At the US Sheep Experiment
Station, we administer about 9,800 vaccinations per
year. Thus we are able to administer about 5,970 more
vaccinations in a specific timeframe with the pneu-
matic, needle-free injector than is possible when chang-
ing needles between animals. This represents a consid-
erable time and labor savings. Additional advantages
of the pneumatic, needle-free injector include elimina-
tion of the occupational hazard of accidental needle
sticks and reduction of biohazard waste produced from
discarded used or damaged needles. During this study,
sheep appeared to be less stressed (less jumping, shy-
ing, vocalizing) when inoculated with the pneumatic,
needle-free injector than when injected with a needle.

The results of this study indicate that a modified
pneumatic, needle-free injector can be effective in ad-
ministering antigens to sheep. We expect vaccines in-
jected with the pneumatic, needle-free injector to pro-
duce similar or greater antibody responses as needle
injections in sheep, as was demonstrated in swine
(Houser et al., 2004) and cattle (Hollis et al., 2005);
however, further studies are needed with sheep to eval-
uate this system with commercial vaccines.
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